Abstract. Public organizations show growing interest in the development of dashboards that aid relief agency managers in crisis preparation. Yet, there is a dearth of research on the development of such dashboards. This paper discusses the experiences gained from a pioneering Living Lab on the development and evaluation of dashboards for assessing crisis preparedness. In order to evaluate and further improve dashboards, a two-day user-centered gaming simulation was organized with forty relief agency managers. A survey distributed amongst the managers indicates that they were satisfied with the dashboards and intend to use these in practice. However, the managers suggested that the formulation and clustering of the performance indicators requires better alignment with the context of use. One of the main findings is that the high level of uncertainty regarding the final set of performance indicators and the corresponding norms demands flexibility in the dashboard architecture beyond the evaluation stage.
Introduction
In e-government disparate public agencies have to coordinate their activities with each other horizontally and vertically [1] . Crises preparation and response are a subset of e-government, in which public organizations (i.e., police, fire department and ambulance services) need to coordinate their activities in real-time [2] . As the occurrence and evolution of a crisis cannot be predicted in advance, it is of vital importance to be prepared in order to enable rapid crisis response. This has resulted in an increasing interest in crisis preparedness of the main relief agencies, especially since some of the major crises in the past decade (e.g., 9/11, Katrina, London, Madrid) have exhibited poor crisis preparation. Due to the impact and associated media attention, policy makers cannot afford to say "we were unprepared" anymore to victims and their families in case of a crisis [3] . Hence, relief agency managers are expected to prepare for the eventuality of a crisis by understanding the vulnerabilities of an organization, analyzing the organizational capability to deal with a range of crisis scenarios, and by taking precautionary measures to mitigate the possible risks of being unable to cope with crisis events. In each of these crisis preparation processes, performance indicators (PIs) are considered of major importance [4] . Historically, relief agencies operate in a silo-ed manner and define and use their own set of PIs. They usually focus their PIs on internal processes, clustered in themes such as financial status, human resources, and service delivery.
In general, relief agency managers depend on governmental agencies for their financial resources. Since policy makers usually have a fixed budget for relief agencies, they need to know how to balance financial resources between agencies in order to maintain an overall level of preparedness. For policymakers, PIs are essential for planning crisis preparedness. Yet the current mono-agency sets of PIs do not show the aggregate level of preparedness of the relief services as a whole, which in turn is the criterion by which the public will judge governmental agencies.
Scholars in the domains of strategic management [e.g., 5, 6] have proposed the use of dashboards as instruments for both the clustering and visualization of PIs. A dashboard is "a visual display of the most important information needed to achieve one or more objectives, consolidated and arranged on a single screen so the information can be monitored at a glance" [7, p. 34] . Despite the advantages predicted for organizations when using dashboards [e.g., 8, [9] [10] , literature on the development of dashboards indicating the level of crisis preparedness on a multi-agency scale is scarce. Instead, most studies are concerned with the appropriateness or success of response activities. Accordingly, the objective of this paper is to present experiences extracted from the development and evaluation of dashboards in practice. The authors pursued this objective by employing a Living Lab approach, in which academics, relief agency managers, and policy makers join forces in order to achieve a common purpose. This paper contributes to existing literature on crisis preparation by presenting experiences extracted from dashboard development and evaluation. In addition, this paper elaborates on the types of dashboard required for crisis preparation in a multi-agency environment.
The next section presents theoretical backgrounds of the dashboard concept. Then, we discuss the Living Lab on dashboard development in The Netherlands, followed by a brief description of the resulting dashboards. Here, we explicitly focus on the design choices and tradeoffs made in this project. Section 4 discusses the setup and results of the dashboard evaluation process, followed by some derived guidelines for developing dashboards for multi-agency crisis preparation. The paper concludes with some conclusions, discussions, and opportunities for further research.
A Living Lab for disaster preparation

Background
At the start of 2008, the Dutch parliament finally passed a long debated law mandating the formation of twenty-five multi-agency safety organizations. According to this law, the multi-agency safety organizations that were to be formed would act as the main responsible entities when it comes to crisis preparation and response in the geographic region they covered. This meant that previously autonomous relief agencies, including the police, fire and ambulance services, were now required to collaborate in terms of crisis preparation and response. The law also mandates that the multi-agency safety organizations, needed to conduct crisis preparation activities based on standardized and comparable PIs. In order to comply with the law, five out of twenty-five multi-agency safety organizations went on and agreed to collaborate in the development and use of PIs. The collaboration project was titled 'Aristoteles' (after the Greek Philosopher) and started in August 2008. The main goal of the Aristoteles project was to bring together academia and practitioners in the development and evaluation of dashboards visualizing the state of crisis preparedness in the multi-agency safety organization. Since this project was the first of its kind in the Dutch context, a major part of this project required the collaboration of academia and practitioners. The authors were key members of the project group that decided to follow a Living Lab approach. The next subsection discusses and motivates the choice for this approach.
A Living Lab approach to developing dashboards
Both researchers and practitioners show increasing interest in the Living Labs approach to innovation and research in complex design environments involving many stakeholders. Yet, this approach is still relatively new, therefore lacking standard and universally agreed upon definitions and instruments. Pallot [11] argues that a Living Lab is neither a traditional research lab nor a "testbed", but rather an "innovation platform" that engages all stakeholders such as end-users, researchers, industrialists, policy makers, and so on at the earlier stage of the innovation process. As such, Living Labs allow stakeholders to experiment with breakthrough concepts and assess the potential value for both the society (citizens) and users that will lead to breakthrough innovations. Lama and Origin [12] describe Living Labs as "a usercentric research methodology for sensing, prototyping, validating and refining complex solutions in multiple and evolving real life contexts." Følstad [13] explained that literature on Living Lab has served to identify two characteristics that discriminate Living Labs from other approaches: (1) Contextualized co-creation: Living Labs supporting context research and co-creation with users, and (2) Testbed association: Living Labs serving as a testbed extension, where testbed applications are accessed in contexts familiar to the users. Living Labs are mostly established through collaboration of private as well as public research partners and can be used with multiple iterations throughout multiple stages of the innovation [14] .
The Aristoteles project team decided to employ a Living Lab approach for two main reasons. Firstly, since there were no comparable dashboards for multi-agency disaster preparation in practice, little was known about the specific set of PIs and corresponding dashboards required for the various relief agencies. The project team was convinced that user co-creation, one of the characteristics of Living Labs, would be the most efficient, and yet most effective way to determine the necessary PIs and dashboards. Living Labs can be cost-effective as they avoid making costly changes at a later innovation stage [12, 13] . They also generate better ideas and allow the detection and elimination of the "probably unsuccessful" ideas faster [13] . However, one of the main weaknesses of Living Labs is that they require a lot of time and budget. The second reason for selecting a Living Lab approach is that Living Labs allow for the combination of quantitative and qualitative research methods for data collection. As a Living Lab, the Aristoteles project creates a unique opportunity for researchers to investigate how dashboards can be developed and evaluated in a multiagency and inter-regional setting. Figure 1 outlines the main phases of the Living Lab.
Figure 1. Phases of the Aristoteles Living Lab
The first phase included semi structured interviews with stakeholders, allowing us to generate a long-list of required PIs. The results of this phase include a spreadsheet with over 500 different PIs gathered from the interviews. After completing phase 1, phase 2 and 3 were implemented in parallel. Having a first idea on the type and categories of PIs that needed to be visualized in the dashboards, the team developed the dashboard alternatives. In the meantime, work was done on reducing the initial long-list of PIs gathered from the interviews. We specially pursued a shortlist of PIs with a specific and concise set of PIs we could visualize in the dashboards. In order to make sure no crucial performance indicators were left out in the shortlist, the stakeholders participated in five brainstorms and voting sessions. Each session included a dozen relief agency managers responsible for crisis preparation for their respective agency. The goal of these sessions was to stimulate the actual users of PIs to prioritize the main PIs they needed for the process of multi-agency disaster preparation. The next sections discuss the resulting dashboard prototypes.
Dashboard prototypes
Dashboards can be designed and tailored to many specific purposes depending on the task to be supported, the context of use and the frequency of use [7] . Moreover, the various data and purposes that dashboards can be used for are worth distinguishing, as they can demand differences in visual design and functionality. The factor that relates most directly to a dashboard's visual design involves the role it plays, whether strategic, tactical, or operational. The design characteristics of the dashboard can be tailored to effectively support the needs of each of these roles. In line with Morrissey [15] , our process of tailoring dashboard content consisted of three phases: (1) identifying the main stakeholders; (2) Summer 2010 capability for each stakeholder; and (3) selecting strategic, tactical, or operational dashboard content aligned with these goals. While certain differences such as these will affect design, there are also many commonalities that span all dashboards and invite a standard set of design practices. Based on the number of relief agencies and the three levels (strategic, tactical, and operational) that needed to be supported, seven different dashboards were developed. Each dashboard display was adaptable from detailed information (tables, trends) to a more abstract level (traffic lights and speedometer). Table 1 summarizes three types of dashboards we developed: strategic, tactical, and operational level dashboards. Strategic, focused on long-term overall performance of the multiagency safety region Table 1 shows that we developed three dashboards for the operational level of the multi-agency safety organization. Each type of dashboard serves a different level and user group with different information needs. For the daily crisis preparation process, the team decided that the absolute values and thresholds per PI, based on averages and norms were more important than trends. The dashboards for the operational level are complementary to each other since they display different sets of PIs. The focus of the operational dashboards is daily use in the crisis preparation process. These dashboards are agency specific in scope and therefore tailored to the core processes of the individual relief agencies. The three dashboards developed for the tactical level of the multi-agency safety organization measure short-term (monthly) trends and progress toward strategic initiatives or specific projects. The audience for these dashboards consists of the directors or commanding officers of the relief agencies. Similar to the operational level dashboards, the tactical level dashboards display detailed PIs that relief agency managers need for performing their daily tasks. The tactical dashboards take advantage of awareness of context and the sophistication of relief agency managers to present significantly more detail without sacrificing comprehension. The emphasis is on highlighting opportunities or identifying risks regarding crisis preparation.
The third type of dashboard was developed for the strategic level stakeholders in the safety region. The following screenshot illustrates this dashboard.
Figure 2. Screenshot of a dashboard (strategic level)
The strategic level dashboard developed displays aggregated and periodical PIs. The reasoning behind this is that it would be unusual for a top-level manager to use an operational dashboard. The audience for the strategic dashboard consists of the Mayors of municipalities included in the regional multi-agency safety organization. For this audience, graphics summarizing long-term trends are more appropriate than measure showing the day-to-day processes in near real time with the aim of intervening quickly to resolve issues or take advantage of opportunities. The strategic level dashboard was highly summarized, graphical, and less frequently updated since the PIs values represented contained information aggregated over longer periods of time (i.e., yearly values). On this level of crisis preparation, the project team considered the overall performance of the multi-agency safety organization and the trends to be more important than the daily/absolute value of the PIs. Due to the longer time intervals compared to tactical and operational dashboards, the strategic level dashboard was based on various equations and functions that combine the values individual PIs. The strategic dashboards developed also included national, external, trend, and growth measures relevant for the safety region as a whole.
Dashboard evaluation
Gaming simulation
The fourth phase of the Living Lab included a two-day gaming simulation with forty relief agency managers. Gaming simulation is an approach often applied for awareness creation and learning in strategic management and policy formulation [16] . However, as demonstrated by Meijer et al. [17] gaming simulation is also very instrumental when it comes to the evaluation of artifacts in semi-realistic environments. The gaming simulation served three purposes. The first and most important purpose was to evaluate the preliminary dashboards in a semi-realistic setting. The second purpose was to extract aspects of the dashboards that required further improvement. Finally, the gaming simulation was also a way to demonstrate the results of the Living Lab to the future users (i.e., relief agency managers) and politicians. The following table outlines the gaming simulation activities.
Table 2. Overview gaming simulation activities
Period
Main activities The participants were separated in seven teams each using a different dashboard (see Table 1 ). Accordingly, the relief agency managers were required to engage in several crisis preparation processes, involving information acquisition, collaboration, planning, and decision-making in a multi-agency setting. The main task of the participants in the gaming session was to develop a crisis preparation plan, either for their agency or for the safety region. In order to develop such a plan, each participant needed PIs (provided in the dashboards) and context information (simulated by the facilitators). Depending on the agency of the participant (fire department, ambulance services etc) and the level of crisis preparation (operational, tactical and strategic) each participant interacted with a different dashboard. The context and drivers for the crisis preparation plans were simulated based on a predefined script, instructions, and paper messages. The session simulated several potential crisis events that have occurred or may still occur in a hypothetical safety region, each requiring multiagency crisis preparation. During the gaming simulation, the qualitative and quantitative data gathering instruments resulted in data that is discussed next.
Qualitative dashboard evaluation: findings of the focus group sessions
Focus groups reflected on the experience with the dashboards during the gaming simulation. The data generated was of a qualitative nature. A list of observations recorded by the facilitators stimulated the participants to share their opinions about the dashboard they used for crisis preparation. The first focus group session (after round 1) was dominated by discussions surrounding the graphical user interface (GUI) of the dashboards. While the majority of participants were positive on the GUI design, some participants pointed to the problem of information overload and complexity due to the "many performance indicators on a single screen." The second focus group session (after game round 2) was focused on the structure of the PIs in the dashboards. More specifically, the participants reflected on the alignment of the PIs to the actual process of crisis preparation. In several cases, the participants suggested that the sequence of the PIs needed to be changed in accordance to the actual process of crisis preparation for their respective agency. Moreover, some participants mentioned that the dashboard developers did not accurately understand the individual sub processes of crisis preparation. Since the alignment of PIs to the sub-processes was important, the facilitators sketched a more accurate framework of the sub processes together with the participants. Based on the resulting framework, several elements of the dashboards were restructured before the start of round 3 on day 2 of the gaming simulation. The final focus group session took place after round 3. During this focus group, the strengths, weaknesses, opportunities, and threats (SWOT) of using the developed dashboards were discussed using a SWOT analysis. While the majority of participants acknowledged the value of dashboards for multiagency disaster preparation, there were some mixed feelings regarding the standardization and enforcement of these dashboards across all the safety regions in the Netherlands. The issue here was that none of the safety regions in the Netherlands were the same or comparable in terms of capacity for handling crises. Moreover, every safety region faces different risks and potential crisis. Hence, the thresholds for the PIs needed to include a correction for several characteristics of a safety region, including the size, risks profile, and capacity of that specific region.
Quantitative dashboard evaluation: findings from questionnaires
In order to capture some quantitative, user generated data from the evaluation of the proposed dashboards, we employed questionnaires. Our purpose with the survey was to collect data on the individual level of satisfaction with the dashboards, their ability to aid in crisis preparation, and the intention of the individual participants to use the dashboards in practice. We administered short (one page, single sided) paper questionnaires at the end of the gaming simulation (day 2). We employed questionnaire items from two theoretical models that explain the satisfaction and success of technology: (1) the Information Systems Success (ISS) model by Delone and Mclean [18] and (2) the Technology Acceptance Model (TAM) [19] . Both ISS and TAM contain well agreed upon and frequently tested questionnaire items for evaluating information systems. The items listed in table two were measured using a seven-point Likert scale ranging from 1= strongly disagree to 7 = strongly agree. We analyzed the questionnaire data in order to obtain a picture of the satisfaction with and the intention to use dashboards. SPSS 17.0 yielded frequency tables, means (average values), and standard deviations for respondents' answers on the 7-point scale. The analysis provided an insight into the numbers of respondents associated with different values for a variable (criterion), the average value for each criterion-which could be considered an indication of the weight attached by the respondents to each of the different criteria used in performance evaluation-and the dispersion of the respondents' answers. Table 3 summarizes the questionnaire items and findings (n=22). Table 3 . Some questionnaire items and scores (measured using a 7-point Likert scale)
The dashboard stimulated me to collaborate with the other domains in the safety region. In total 22 out of the 27 (81%) participants remaining at the end of the second gaming-simulation day returned a completed questionnaire. From this sample, four respondents represented the fire department, four the medical services, three the emergency control room, three the central financial department of the safety region, three the Crisis Management Planning Centre, two the Safety Region management and three the Board of Directors (the Mayors). The questionnaire contained nine constructs.
The results of the questionnaire indicate that the relief agency managers found that the dashboard did improve their ability to prepare for a crisis. Items number 5 (task support), 11 (preparation) and 16 (intention to use) show the largest standard deviation in respondent scores. From the scores in the table we can conclude that the operators of the dashboards were not only satisfied with the dashboards, but also found the dashboards useful when preparing for a crisis. The majority of respondents have also indicated that they intent to use the dashboard in the future (if they were to be implemented). Based on the results of the questionnaire (high scores on usefulness, organizational impact, task-support and intention to use), we regard the dashboards developed accepted from a TAM perspective and successful from an ISS perspective.
Conclusion and discussion: experiences from the Living Lab
The main deliverable of the Aristoteles Living Lab is a set of seven dashboards for multi-agency crisis preparation. Key in the development of these dashboards was user co-creation, a process in which (future) users of the proposed dashboards were actively involved in a Living Lab. This paper contributes a description and discussion of a real-world development trajectory that, due to its explorative nature, required several research stages with professionals. The findings from both the qualitative and quantitative evaluation suggest that users were overall satisfied with the dashboards and show intention to use these in practice. Moreover, the majority of participants felt the dashboard did help them prepare for the eventuality of a crisis during the gaming session. Yet, the participants in the gaming simulation phase of the Living Lab suggest that the formulation and clustering of the performance indicators require better alignment with the context of use. We consider this alignment as one of the major challenges for further research, especially since the process of crisis response is very difficult to capture and specify in a general workflow.
Even though we collected both qualitative and quantitative data on the value of the proposed dashboards allowing us to triangulate some of our findings, the relatively small number of participants in the evaluation phase limits us in generalizing our findings. Having acknowledged this limitation, a Living Lab does allow synthesizing some experiences in the development of dashboards for disaster preparation. The experiences include the design trade-offs that need to be made by dashboard architects and are outlined in the Table 3 . For scholars, these experiences may be used to formulate more specific propositions and hypotheses for future research. For practitioners, these experiences may be used as guidelines for developing dashboards. One of the main experiences is that the high level of uncertainty regarding the final set of performance indicators and the corresponding norms demands flexibility in the dashboard architecture beyond the evaluation stage. Users should be able to choose the style of visual representation (bar charts, graphs, numeric tables) depending on the task at hand (i.e., work flow management data, payroll, human resources, material management). Predefine the level of information load per PI according to roles and tasks High or low-level information accuracy?
Too little information may lead to insufficient task support whereas too much information may lead to information overload. Consequently, dashboards should help relief agency managers by providing only the necessary information, but also attracting the attention to information easily ignored.
Based on the experiences listed in Table 3 , we conclude that the development of dashboards is a difficult endeavor as it requires a constant balancing act on trade-offs. The Living Lab involves several stakeholders that co-decide about the trade-offs, and consequently construct the project specific benchmark for success. Moreover, previous research has not reported comparable dashboard development efforts that we could draw upon. We found that the Living Lab approach was useful for the development and evaluation of dashboard involving many stakeholders. User cocreation, one of the main characteristics of Living Labs, was particularly important in the dashboard design and evaluation process. User co-creation was particularly instrumental for dealing with uncertainty regarding dashboard elements, PIs, thresholds and so on. Users in the Living Lab appreciated the interaction between the various stakeholders, the use of prototypes, and the look and feel experiences generated during the gaming simulation. As such, we recommend the use of Living Labs in e-government when dealing with these types of complex problems involving many actors and uncertain (future) user needs.
